Abstract-This paper deals with a methodology for presizing the induction motor propulsion of an Electric Vehicle (EV). Based on the EV desired performances, the induction motor optimal power can be calculated. The final objective is to find its minimum weight, volume, and cost that meet the design constraints with minimum power under the European urban (ECE-15) and sub-urban (EUDC) driving cycles. The power presizing methodology is validated through extensive simulations for different induction motor-based EVs using a siding mode control technique.
I. INTRODUCTION
Recently, Electric Vehicles (EVs) including fuel-cell and hybrid vehicles have been developed very rapidly as a solution to energy and environmental problems. From the point of view of control engineering, EVs have much attractive potential [1] .
The shortcomings, which caused the EV to lose its early competitive edge, have not yet been totally overcome. Indeed, EVs have a low energy density and long charging time for the present batteries. Therefore, optimal energy management is very important in EVs; in addition optimum design of the electric motor, selection of a proper drive, and optimal control strategy are the other major factors in EVs.
Selection of traction motors for the EV propulsion systems is a very important step that requires special attention. In fact, the automotive industry is still seeking for the most appropriate electric propulsion system. In this case, key features are efficiency, reliability and cost. The process of selecting the appropriate electric propulsion systems is however difficult and should be carried out at the system level. In fact, the choice of electric propulsion systems for EVs mainly depends on three factors: driver expectation, vehicle constraint, and energy source. For EVs propulsion, the cage induction motor seems to be candidate that better fulfils their major requirements. This is mainly due to its low cost, robustness, highly reliable and free from maintenance [2] . This paper presents a methodology for presizing the induction motor propulsion of an EV. Based on the EV desired performances, the induction motor optimal power can be calculated. The main objective behind is to find its minimum weight, volume, and cost that meet the design constraints with minimum power under the European urban (ECE-15) and suburban (EUDC) driving cycles. 
II. EV MODELING

B. Dynamics Analysis
This section derives the driving power to ensure vehicle operation ( Fig. 1) [3] .
1) Road load and tractive force. The road load consists of
The rolling resistance force F ro is produced by the tire flattening at the roadway contact surface. The rolling resistance force can be minimized by keeping the tires as much inflated as possible.
Aerodynamic drag, F ad , is the viscous resistance of air acting upon the vehicle.
The climbing resistance (F cr with positive operational sign) and the downgrade force (F cr with negative operational sign) is given by
The tractive force in an electric vehicle is supplied by the electric motor in overcoming the road load. The equation of motion is given by
The net force (F -F w ), accelerates the vehicle (or decelerates when F w exceeds F).
2) Motor ratings and transmission. The power required to drive a vehicle has to compensate the road load F w .
The mechanical equation (in the motor referential) used to describe each wheel drive is expressed by
The following equation is derived due to the use of a reduction gear. 
T T i i
The load torque in the motor referential is given by.
The vehicle global inertia moment in the motor referential is given by
III. EV TRACTION MOTOR AND GEAR RATIO DESIGN
A. Traction Motor Characteristics
For EVs propulsion, the cage induction motor seems to be candidate that better fulfils the major above-mentioned features [2] . Figure 2 shows the induction motor drive characteristics that should be dealt with when used as the EV propulsion [4] [5] .
B. Tractive Force and Transmission Requirement
The induction motor developed force on the EV driven wheels is expressed by
where N m is the induction motor speed. The transmission gear ratio i is designed such that the EV reaches its maximum speed at the maximum induction motor speed. 
A high value of this ratio has the advantage of allowing the use of high-speed motors which have a better power density, but with the disadvantage of more volume and then higher cost. A good compromise is generally not to exceed a value of i = 10. Moreover, if the induction motor has a wide constant power region, a single-gear transmission would be sufficient for a high-tractive force at low speeds.
IV. THE INDUCTION MOTOR PRESIZING
Basic vehicle performance includes maximum cruising speed, gradeability, and acceleration.
The induction motor power presizing (P m ) is done for the following case/vehicle: Acceleration 0-50 km/h in 10 sec on ground level; vehicle mass 1500 kg; rolling resistance coefficient 0.015; aerodynamic drag coefficient 0.3; front area 0.8 m 2 ; maximum speed 120 km/h; maximum speed of the induction motor 3500 rpm; wheel radius 0.318 m (175/80R14); transmission efficiency (single-gear + differential) 90%; and zero head-wind velocity.
In this first presizing stage, the EV operation consists of three main segments: initial acceleration, cruising at the vehicle speed maximum and cruising at maximum gradeability.
A. Initial Acceleration
In the case of initial acceleration, the induction motor presizing is based on two steps: The first one is done under simplifying assumptions (null aerodynamic force). The second one takes into account all EV resistance forces. The solution of (6) uses the base speed (V b ) and the power found in the first step. The boundary conditions of (6) are: at t = 0, V = 0 and at t = t f , V = V cr , where V cr is the cruising speed.
Using (6), the EV acceleration time is defined by
where V f is the final speed; k 1 , k 2 et k 3 are constants values: k 1 = k m m; k 2 = 0.5ξC w A f ; k 3 = mg(sinα + f r cosα). This expression can reformulated as
with 3 3 , ,
The analytical solution of (15) is shown by Fig. 3 . It illustrates the necessary power-speed profile for the EV initial acceleration in order to obtain the induction motor optimal power and base speed. Figure 4 shows that below V b = 0.4V cr it is not interesting to decrease V b because the necessary power does not greatly decrease. On the other hand, the acceleration force tends to considerably increase. This will lead to increased propulsion motor size (the torque is an important dimensioning parameter in terms of size and weight). In this case, the first EV base parameters are the base speed (V b = 0.4V cr = 20 km/h) and the base power (P b = 20.11 kW). Using these base values, the presizing second step consist in finding (6) numerical solution including all the resistance forces. In this case, the obtained initial acceleration time is larger than that specified in the desired performance. The correction of the base power and speed values are done using an iterative procedure combining analytical numerical solutions. The new value is then: P b = 21.06 kW, as illustrated by Fig. 4 .
B. Cruising at Maximum Vehicle Speed on Ground Level
To validate the base power and speed choices, it is mandatory to evaluate the induction motor power and torque in different operation mode and in particular at maximum vehicle speed (V max ). The power requirement to cruise at the EV maximum speed can be obtained by:
The necessary power at different speed in ground level is illustrated by Fig. 5 . The result is obtained under a specified gear ratio value and the motor maximum speed. The base power found in the previous section is then replaced by the new obtained one. The new base speed is obtained by the same previous iterative procedure (Fig. 5) .
The carried out computations illustrate that the needed power motor at 120 km/h is about 22.92 kW, in which transmission losses are taken into account.
C. Gradeability Checking
The power found in the previous section is able to propel the EV at a regular highway speed (120 km/h) on a flat road. Using the induction motor torque and speed profiles, the necessary power on a 15% and 10% graded road can be evaluated. Figure 6 indicates that the motor above calculated power of 22.92 kW can propel the EV at 33.54 km/h and 46.44 km/h on a 15% and 10% graded road, respectively. 
V. THE NECESSARY POWER USING DRIVING CYCLES
Another consideration in the induction motor power presizing is the average power when driving with some typical stop-and-go driving patterns.
The average power can be obtained by
It is difficult to describe the road load and vehicle speed variations in all actual traffic environments accurately and quantitatively. However, some representative driving cycles have been developed to emulate typical traffic environments. Among them, the European Elementary urban cycle (ECE), the sub-urban cycle (EUDC) and sub-urban cycle for lowpowered vehicles (EUDCL) (Fig. 7) [5] . Figure 8 shows then the EV induction motor necessary power in the case of the European driving cycle with and without regenerative braking. Compared to the needed power shown in Fig. 8 , the optimal power found in the previous section is greater and can therefore meet the power requirement in these driving cycles. 
VI. EV CONTROL TESTS USING A PRESIZED INDUCTION MOTOR
The aim of this section is to check the induction motorbased EV performance under road load, especially the climbing resistance, and then choose the induction motor necessary power to propel the EV in normal driving cycles. For that purpose a sliding mode approach has been adopted to carry-out control tests on three induction motors for different graded road [6] .
The acceleration and the corresponding time are defined by the European driving cycle (Fig. 7) . Figure 9 shows then the EV acceleration in this driving cycle.
Simulations are carried-out on different induction motors with different power ratings. These simulations use the EV parameters given in section IV. The main objective here is to find the minimum motor weight, volume and cost that will meet the design constraints with minimum power under the European ECE and EUDC driving cycles. After the average power calculation, the control use standard motors: 15 kW, 37 kW and 75kW. In this case the control is implemented in the extended constant power range.
The maximum gradeability of each motor is obtained by an iterative procedure using the EV model as indicated by For the validation of the obtained maximum gradeability, Fig. 11 illustrates the sliding mode control performances of the 37 kW induction motor-based EV including the 15.6% graded road. As clearly shown by the EV dynamics ( Fig.  11.a) , the developed torque variations are as large as are the variations of the accelerator pedal and the road profile. Moreover, very speed tracking performances are achieved. This was also the case of the 15 and 75 kW induction motorbased EV: The obtained results clearly validate the proposed design methodology.
VII. CONCLUSIONS
A methodology for presizing the induction motor propulsion of an EV was presented. Based on the EV desired performances, the induction motor optimal power can be evaluated. The main objective behind is to find its minimum weight, volume, and cost that meet the design constraints with minimum power under a desired driving cycle (the European one in our case). The presizing methodology has been validated through extensive simulations for different induction motor-based EVs using a well-established advance control technique (the sliding mode). 
